The use of BAC clones to analyze the regulation of gene expression in transgenic mice has been hindered by the lack of powerful and reliable methods for their modification, compared to those available for YAC clones. Several groups have reported the development of methods for the modification of BAC clones by homologous recombination (3), and we have used the method described by Yang et al. (7) to introduce two reporter genes into BAC clones containing the Mrf4/Myf5 locus, which encodes two of the key transcription factors involved in skeletal muscle development.
The targeted modification procedure developed by Yang et al. (7) is based on the pSV1-RecA shuttle vector that carries: (i) a tetracycline (TET) resistance gene for positive and negative selection; (ii) the RecA gene, which provides the enzymatic machinery needed for homologous recombination in E. coli; and (iii) a temperature-sensitive origin of replication that allows for the selection of vector DNA that has integrated into the BAC carried in the host cell. A modifying cassette containing 5′ and 3′ homology arms and the desired modification is subcloned into this vector, which is then used to transform BACcontaining E. coli. Growth on chloramphenicol (CAM) and TET plates at 30°C yields colonies that contain wildtype BAC that carry the CAM resistance gene and free shuttle vector. Homologous recombination results in the integration of the shuttle vector into the BAC clone, which gives rise to a co-integrate BAC and places shuttle vector sequences under the control of the BAC origin of replication. By shifting the temperature to 43°C, only cells containing co-integrate BAC clones should be TET-resistant. Growth Extension of the incubation time at 30°C results in a progressive increase in the percentage of recombinants of up to two orders of magnitude, compared to the efficiency of the published method (7). To insert a lacZ reporter gene at the Myf5 translational start codon, we used recombination cassettes derived from reporter construct no. 3 from Summerbell et al. (6) and cloned into the pSV1-RecA shuttle vector (7) to generate SVMyf5-A (5′-716bp-lacZ-664bp-3′). Table 1 summarizes the general steps of our recombination protocol. The modification of BAC clones using this shuttle vector under the published conditions required the analysis of many hundreds of colonies to identify a single co-integrate BAC clone (Table 2) .
In an attempt to increase the efficiency, several parameters of the method were modified, including the construction of a new Myf5 shuttle vector with longer homology arms, SVMyf5-B (5′-1828 bp-lacZ-1640 bp-3′), since RecAmediated recombination is known to be sequence-length dependent (4). We also argued that, by increasing the time during which the first recombination event took place, we could increase the proportion of cells within a colony containing recombinant BAC clones. Consequently, after the transformation of BAC-containing E. coli with the SVMyf5-B shuttle vector, colonies were isolated at different time intervals from a single plate grown at 30°C, and the entire selection procedure was carried out at 43°C to identify co-integrate BAC clones (Table 2) . By using the published protocol (16 h incubation at 30°C) (7), no co-integrate BAC clones were identified after the analysis of 72 colonies. By increasing the incubation time from 16 to 24 h, the percentage of recombination increased by one order of magnitude, while an incubation time of 48 h resulted in a an increase of two orders of magnitude. Additional extensions of the incubation time at 30°C did not appear to affect the recombination efficiency when using SVMyf5-B.
We then compared the recombination efficiencies of the SVMyf5-A and SVMyf5-B, which differed only in the length of the homology arms (Table 3) . After equal times of incubation at 30°C, no co-integrate BAC clones were detected when using the SVMyf5-A shuttle vector with shorter homology arms, whereas the percentage of recombination when using SVMyf5-B was around 18%. However, the effect of the length of the homology arms diminishes if the length of the incubation at 30°C is increased (data not shown).
We also introduced a human alkaline phosphatase (AP) reporter gene into the translational start codon of the Mrf4 gene, located 8.8 kb upstream of Myf5. Using the SVMrf4 shuttle vector (5′-1771bp-AP-1546bp-3′), with homology arms of similar length to those of SVMyf5-B, and the 48-h incubation time, co-integrate BAC clones were obtained at very high frequencies (Table  3 ; average frequency, 81%). We have not determined if the higher frequency of recombination at the Mrf4 locus results only from the sequence composition of the homology arms or whether the different reporter gene has a contributory effect.
In summary, the efficiency of the method of Yang et al. (7), which achieves BAC modification by using a two homologous recombination event approach, is affected by the sequence composition of the locus being modified and the length and composition of the modification cassette. Efficiency can be improved 100-fold by increasing the time during which the first recombination event takes place. The recombination reaction is possibly promoted by the time-dependent generation of double-strand breaks in the DNA being modified. The improvements described here enabled us to introduce efficiently two different reporter genes, either singly or in combination, into BAC clones encompassing the Mrf4/Myf5 locus, which we then used to investigate the transcriptional regulation of both genes in transgenic mice (1, 2) .
